We have studied the properties of a multianode photomultiplier coupled to a large scintillator and the capabilities of such a system to obtain position information of the impinging radiation. We found a position resolution of 7.0±0.5 mm FWHM using a centre-of-gravity method.
Introduction
After many years of use, photomultipliers are still one of the best devices to convert photons from scintillators or Cerenkov radiators into electric pulses. The large gain, good linearity, high speed, good efficiency and excellent signal-to-noise values have made photomultipliers a standard component in many radiation detectors.
Despite these advantages, there are two main drawbacks of photomultipliers which need to be addressed: their sensitivity to magnetic fields and their inability to provide position information. Both problems have been considered over the years and many ingenious partial solutions have been developed, in particular, to provide position information. [1] [2] [3] [4] We have investigated the properties of a modified version of a commercially available photomultiplier R1652,* which consists of 10 anode wires instead of the standard single anode. Some of the properties of this device, including response to point light sources and timing characteristics, have been measured previously by our group and will be published. 5 We found in that work that the position resolution of this photomultiplier for point light sources was 1.8 mm and 1.3 mm FWHM using two different centre-of-gravity methods. We also measured a very good timing resolution of the order of 0.5 ns FWHM. In this paper we will report on our first attempts at studying this tube when coupled to a large scintillator, and its ability to provide position information for a collimated beam of electrons of 1.5 MeV average energy.
The main purpose of this study was to find out if the geometrical distribution of scintillation photons could be used successfully with a single positionsensitive photomultiplier. The principle of position determination in a large scintillator using the photon distribution is well known,6 and by using a single position-sensitive phototube it should be possible to simplify the electronics and reduce the cost of the overall system. We used a collimated 106Ru source which emits electrons with a maximum energy of 3.5 MeV and average energy of 1.6 MeV. These electrons impinge on plastic scintillators (BC-412)t of 25 mm and 13 mm thick and 150 x 150 mm in size. The edges of the scintillator were unpolished and blackened with india ink to reduce scintillator photon reflection. The source could be moved by means of a calibrated calliper with an accuracy of 0.3 mm. The scintillator was adjacent to the photomultiplier as shown in Fig. 1 .
No optical coupling was used.
The photomultiplier contains 9 transmission mesh dynodes followed by 10 anode wires perpendicular to the plane of the figure and to the direction of motion of the source.
The anode wires separation is 5 mm. Behind the plane of anodes there is one last reflective dynode. This tube and the biasing electronics have been described in our previous paper.5
With this geometry, a narrow cone of approximately 220 contains the photons reaching the photocathode, which are only 4% of all the scintillation light produced. The rest of the photons are either absorbed on the scintillator sides and front, or escape in the interface between the scintillator and the phototube. The whole assembly was contained in a darkened box with absorbing walls. In this way we can simulate approximately the photon distribution of events produced in a NaI(Ti) scintillator by 0.5 MeV gamma rays. As the collimator has a diameter of 2 mm and a length of 10 mm, the source of photons had a projected size of 3 to 4 mm corresponding to gamma-ray events in which a Compton process is followed by photoelectric absorption. The total number of scintillator photons is also similar, as a plastic scintillator has 5 times less photoefficiency than NaI(TQ ).
The signals of the individual anodes are amplified x 10 and fanned out in two groups. One group is fed to a CAMAC ADC (LRS2249W) and the other linearly added to trigger a discriminator whose output produces the event strobe and the gate signal for the ADC (Fig. 2) After several trials we used values of Ci obtained from point light source response by setting them to values proportional to the inverse of the peak height of Fig. 3 . These values produced good results, but were later modified slightly to improve the range of positions with linear response. This point will be explained in a subsequent section.
Measurements with a Source and a Scintillator
With the source and scintillator arranged as shown in Fig. 1 we tried several biasing voltages and discriminator values.
The best position resolution was obtained for a bias of 1500 V between anodes and cathode, and with a discriminator setting equivalent to 200 keV gamma-ray energy in the plastic scintillator. The gate length in the ADC was 40 ns.
Measurements were first done using a 12.5 mm thick scintillator, but in order to simulate the parameters encountered in positron emission tomography we increased the scintillator thickness to 25 mm. We started the measurements by computing on line event by event the Eq. (1) for n=l and 2, using a set of Ci obtained from Fig. 3 . Several values of the discriminator were used and the results are shown in Fig. 4 . For n=l we obtained a FWHM resolution of 6.5 mm and for n=2, 7.4 mm. We found in all cases that the results with n=2 were somewhat worse than for n=1. This is the reverse from what we observed6 in our previous measurements with a point source, and is due to the larger number of photons involved in the former measurements. The discriminator level was equivalent to 200 keV of y rays in plastic scintillator.
With a lower value of discriminator setting equivalent of 100 keV the resolution was somewhat worse, as shown in Fig. 5 with a FWHM of 7.5 mm for n=l and 8.8 mm for n=2.
Measurements of Linearity of Response
When the source is moved over larger distances on the scintillator surface, we found that the peak position of Gn and the real position of the source are no longer linearly related. This effect is shown in Fig.  6 where edge effects are apparent. As the anode wires extend over 50 mm in the phototube it was hoped to extend the linear region to about that size. We 
